Introduction
Recently, for measuring the size of bubbles in bubble columns, the electric probe method has been more widely used than the photographic method1"^. Using the electric probe method, it is possible to measure the rising velocity of bubbles and their sizes simultaneously, even when the gas flow rate is very high, or when the columns are opaque. However, in the case of the electric probe method, the data obtained must be converted to bubble size, because it gives only vertical length at a cross section where the bubble is penetrated by the probe. It seems important to examine the applicability and the reliability of these theoretical analyses, but
there are yet few investigations of this problem2). In this work, using a two-dimensional transparent bubble column, bubble sizes were measured by both the electric probe method and the photographic method, and the two kinds of data were analysed.
Experiments
The two-dimensional bubble column used in this experiment was made of transparent acrylic resin plates, 100cm high, and had a rectangular crosssection of 30cm width x3cm thickness.
The gas distributor was a perforated plate made of brass (0.7mm thickness).
The holes of the perforated plate were arranged at 1.0cm pitch on the longer central line of the plate. The diameter of the holes was 0.5 mmand their number was 29.
The air flow was started and the tap water was introduced into the column until the height of the bubbling region reached the arranged level (90-95 cm above the gas distributor). After the condition of steady flow was established, the flow rate of gas was measured.
The average gas holdup in the bubble column was measured by the usual method. Figure 1 shows the dimensions of the electric probe. A platinum wire of 0.5mmdiameter coated with epoxy resin was used as the insulated conductor to the probe element, which comprises the bared tip of the wire.
The probe was set at a height 80 cm above the gas distributor on the central axis of the column. Figure 2 shows an illustrative record of the variation of electric current detected by the probe. The diameter of an individual bubble were measured in the image of the projection. Bubbles with the major axis smaller than 1.0 mmwere omitted from counting, since their contribution to gas holdup and inter facial area could be assumed to be negligibly small. The major axis of a rising bubble is not necessarily horizontally oriented. Therefore the angle #(#<90°) between the major axis of the bubble and the horizontal line was measured (see Fig. 4 ). The angles for fifty bubbles were measured in each run. The shape of a bubble is not necessarily spherical, but could be approximated as being an oblate ellipsoid (see 2. 1). Therefore the volume and surface area of each bubble were calculated by regarding the bubble as an oblate ellipsoid. Figure 5 is an example of the plots of the maximum diameter b and the minimumdiameter a of an individual bubble for Vg=4.26 cm/s. The following equation is derived from the figures like this :
1 Measurement by the electric probe method

Experimental Results and Discussion 1 Results by the photographic method
From Eq. (3) we get:
1) Average size of bubbles (5) d= tdjn (6) where dt is the arithmetic mean of the maximum diameter bi and the minimum diameter at of /th bubble.
2) The angle 0 between the major axis ofa bubble and the horizontal line Table 1 shows the arithmetic mean 0 of the angle 6. 6 increases with the superficial gas velocity Vg. This fact suggests that the fluctuations of flow in the column increases with Vg. where G(X) is a function ofX and a is a function ofe. Table 2 shows a comparison of the average diameters of bubbles by the photographic method with those by the electric probe method for the volume-surface mean diameter equivalent to sphere d3)2. Here, ds,2,es and d3}2)ee denote dZA obtained by the electric probe method with Eqs. (8) and (7), respectively, where e is the mean value of e obtained by the photographic method, and d3>2,photo means ddt2 obtained by the photographic method. From Table 2 it is found that d3)2,es is nearly equal to rf3,2,Photo f°r Vg=l.29 cm/s-4.26 cm/s. Morooka2) also reported that both average diameters are in good agreement. £/3,2,ee is nearly equal to <i3)2,photo for lower gas flow rate, but it becomes much larger than rf3>2,photo for higher gas flow rate. As the majority of the actual bubbles in the bubble column are not spheroids but oblate ellipsoids, it is though that d3}2,es happened to be in good accordance with d3i2)Photo, and that £/3>2,ee should show better agreement with d3}2>photo than J3,2,es does. But this is not necessarily consistent with the results. The reason may be because the major axes of the bubbles in the column are not necessarily oriented horizontally as shown in Table 1 and Fig. 3 , and because e is assumed to be constant in Eq. (7).
Considering that e depends upon bubble size a as shown in Eq. (4) and that a can be approximated by Eq. (9) as shown in Fig. 6 (12) Table 2 shows the results by Eqs. (10) and (ll), where J3)2,e and d3i2fe denote <i3j2 by Eqs. (10) and (ll), respectively. From Table 2 it is knownthat most values of rf3>2>etend to be in better agreement with ds,2,photo than 4,2,ee does, and that d3,2,& approaches 4,2,photo more closely than dS)2,e does. The reason why the ratio of d3,2,e to^3,2,photo increases with Vgis considered to be because 6 increases with Vg and the vertical length X of the bubble detected by the electric probe is enlarged much more than that for #=0.
The ratio of ds,2,d to^3)2)Photo becomes larger than 1 for F^=3.78cm/s and 4.26cm/s. This may be because the fluctuations of the angle 6 increase with Vg. Though it is expected that the analysis, which takes simultaneously into account both the effects of Eq. (4) and 6 being a constant, would be in much better agreement with rf3)2,Photo? it is difficult to treat mathemati- A simple approximate method is presented to obtain bubble size distribution curves from the data by the electric probe method. The bubble size distribution curves obtained by this method show fairly good agreement with those by the photographic method. It is assumed that bubbles rise with a constant angle 0 and a constant e as shown in Fig. 4. Ifp(A, a) is defined as the probability in which a bubble of size a is measured as length X, the probability by which vertical length measured by the probe becomes larger than X is expressed by the following equation : As vertical length of a bubble is never measured as 1 larger than a0, the following equation is obtained:
The distribution function of vertical length of bubble measured by the electric probe, M(X), is given by the following equation :
The probability by which a bubble of size a is detected by the probe is expressed by the following equation : [mm]
[mm]
[mm2 ]
[mm]^3 Literature Cited
